Abstract Chronological nutrition is based on biological clocks that include clock genes and telomeres. Clock genes predict the day/night cycle to regulate both physical and mental activity in best condition, and prevent lifestyle-related diseases. Telomeres, the repeated series of DNA sequences that cap the ends of chromosomes, become shorter during cell division, thus determine lifespan of the individuals and organs. Even when dietary intake and exercise are adequate, disturbance of diurnal rhythm results in hypertension and hyperglycemia. Human activity is driven by NADH and ATP produced from nutrients, and the resulting NAD and AMP prevent telomere shortening by activating enzymes called SIRT1 and AMPK, respectively. Both enzymes collaborate in activating the master regulator PGC-1α that prevents oxidative stress and obesity. Physical activity increases PGC-1α and releases a hormone irisin from muscle that also prevents obesity. The dietary habit conforming good chronological nutrition are as follows: take nutritionally balanced breakfast every morning, distribute energy intake in the ratio breakfast: lunch: dinner = 3:3:4, and avoid dinner later than 21 o'clock or take earlier light dinner. Slow feeding and the intake of vegetables before carbohydrate are recommended to prevent rapid blood sugar increase. Regular 7 hour sleep is essential for the removal of metabolic wastes by "brain glymph system" to prevent dementia. The homeostatic and hedonic feeding and daily activity are controlled by human brain. Thus, lifestyle-related diseases will be prevented by moderation following the principles of chronological nutrition, irrespective of risk gene polymorphism.
Environmental signals （yellow arrows）, including stress, light, and breakfast, are received and processed by the cortex, SCN, and liver, respectively. Disturbed rhythm, such as shift work, causes hypertension and hyperglycemia. Based on the circadian rhythm of the master and peripheral clocks, voluntary will triggers a hedonic or moderate lifestyle. Regular life and exercise prevent obesity-related cardiovascular diseases and type 2 diabetes. The telomere length is shortened by ROS and cell proliferation to compensate cells lost to these diseases. Abbreviations : ROS, reactive oxygen species ; SCN, suprachiasmatic nucleus. Usual sleep times ≤ 6h or ≥ 9h/night were associated with an increased prevalence of type 2 diabetes and impaired glucose tolerance. After adjustment for age and sex, those sleeping more and less than 7.7 h/night had an increased BMI with curvilinear relationship. Serum leptin and ghrelin concentrations increase and decrease, respectively depending on the sleep duration. Increased BMI and reactive oxygen species produced by obesity and diabetes shorten both telomere length and healthspan. Data are adapted from Ref. The process begins when Clock/Bmal1 heterodimers drive the transcription of Per and Cry genes and translate the mRNA into Per and Cry proteins, respectively. When levels of Per and Cry proteins reach a threshold, they form heterodimers and inhibit Clock/Bmal1-mediated transcription of their own genes. The resulting decrease in Per/Cry resumes their own transcription. This feedback loop takes about 25 h, thereby resulting in a free-run circadian rhythm, which is converted into a 24-h diurnal rhythm by resetting the clock genes with morning light and breakfast. Abbreviations : Bmal1, brain and muscle ARNT-like protein 1 ; Clock, circadian locomotor output cycles kaput ; CR, caloric restriction ; Cry/Crys, cryptochrome ; E-box, nucleotide sequence CACGTG in the regulatory region of a gene ; PGC-1α, peroxisome proliferator-activated receptor coactivator α; Per/ Pers, period. （Ref. 1） Nutrients reduce NAD, while the electron transport system in the mitochondria drives protons to form electrochemical energy, which rotates the central axis of ATP synthase. Clock genes in the suprachiasmatic nucleus （SCN） in the hypothalamus and PGC-1α in the cells regulate activities driven by ATP. The resulting AMP activates AMPK. The circadian rhythm of metabolism eventually accumulates NAD, a substrate for SIRT1, which maintains telomere length. On the other hand, ROS from mitochondria reduce telomere length. Abbreviations : AMPK, adenosine monophosphate-activated protein kinase ; CCG, clockcontrolled genes ; ROS, reactive oxygen species ; SIRT1 （or NAD-dependent deacetylase sirtuin-1）, silent mating type information regulation 2 homolog 1. Fig. 11 Relationship between clock gene, telomere, and PGC-1α. Both caloric restriction （CR） and exercise increase AMP and NAD. PGC-1α is phosphorylated by AMPK and deacetylated by SIRT1, and it activates the mitochondria. Mitochondrial activation increases NAD and protects telomere length by NAD-dependent deacetylation of SIRT1. Abbreviations : Ac, acetyl group ; AMPK, adenosine monophosphate dependent kinase ; ATP, adenosine tri-phosphate ; Bmal1, Brain and muscle ARNT-like protein 1 ; CCG, clock-controlled genes ; CR, caloric restriction ; NAD, nicotinamide adenine dinucleotide ; NADH, reduced NAD ; P, phosphate group, p53, a tumor inhibitory protein ; PGC-1α, peroxisome proliferator-activated receptor coactivator a ; ROS, reactive oxygen species ; SIRT1, silent information regulation 2 homolog 1. Fig. 12 Exercise-induced adipose tissue browning through PGC-1α and irisin. Exercise increases the expression levels of PGC-1α in the muscle. This, in turn, upregulates the expression of FNDC5, a type I membrane protein, which is C-terminally cleaved and secreted as irisin into the circulation. Binding of irisin to an unknown receptor on the surface of adipocytes in white adipose tissue changes their genetic profile. In particular, irisin induces the expression of PPAR-α, which is thought to be an intermediate downstream effector that increases the expression of UCP1 （highly expressed in brown adipose tissue and a marker of browning）. The browning of white adipose tissue is associated with augmented mitochondrial density and oxygen consumption. Browning is accompanied by an increase in the energy expenditure profile, leading to favorable effects on metabolism such as weight reduction. 16 The influence of eating rhythm on diet-induced thermogenesis in young women. Subjects （33 females, average age 20.5±1.2yr, BMI=20.5± 2.1） took 500 kcal of the same meal in two patterns : morning type （blue bars） at 7:00, 13:00 and 19:00, and night type （pink bars） at 13:00, 19:00 and 1:00, and then 3hr diet induced thermogenesis were measured. Adapted from Sekino Y, Kashiwa E, Nakamura T. 
